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Within the factorization-assisted topological-amplitude approach, we study the two-body
charmed B meson decays Bu,d,s → D(∗)M , with M denoting a light pseudoscalar (or vector)
meson. The meson decay constants and transition form factors are factorized out from the
hadronic matrix element of topological diagrams. Therefore the effect of SU(3) symmetry
breaking is retained, which is different from the conventional topological diagram approach.
The number of free nonperturbative parameters to be fitted from experimental data is also
much less. Only four universal nonperturbative parameters χC , φC , χE and φE are intro-
duced to describe the contribution of the color suppressed tree and W -exchanged diagrams
for all the decay channels. With the fitted parameters from 31 decay modes induced by
b → c transition, we then predict the branching fractions of 120 decay modes induced by
both b → c and b → u transitions. Our results are well consistent with the measured data
or to be tested in the LHCb and Belle-II experiments in the future. Besides, the SU(3)
symmetry breaking, isospin violation and CP asymmetry are also investigated.
I. INTRODUCTION
Due to the large mass and fast weak decay property of the top quark, B mesons are the only weakly
decaying mesons containing quarks of the third generation. Their nonleptonic weak decays provide
direct access to the parameters of the Cabibbo-Kobayashi-Maskawa (CKM) matrix and to the study of
CP violation (for reviews, see, for examples [1, 2]). Simultaneously, the studies of these decays can also
provide some insight into the long distance non-perturbative structure of QCD as well as some hints of the
new physics beyond the standard model (SM). To achieve these goals, the BaBar and Belle experiments
at the e+e− B-factories [3] and the LHCb experiment [4] at the Large Hadron Collider (LHC) have
already performed high precision measurements of nonleptonic weak decays. In the era of the Belle-II [5]
and LHCb upgrade [4], the experimental analysis will be pushed towards new frontiers of precision.
In particular, the direct CP violation in a decay process requires at least two contributing amplitudes
with different weak and strong phases. In the SM, the weak phases can be accommodated in the CKM
matrix, while no satisfactory first-principle calculations can yield the strong phases till now. To study
the information of strong phases from the non-leptonic B decays is a tough work. The basic theoretical
framework for the non-leptonic B decays is based on the operator product expansion and renormalization
2group equation, which allow us to write the amplitude of a decay B → f generally as follows:
A(B → f) = 〈f |Heff |B〉 = GF√
2
VCKM
∑
i
Ci(µ)〈f |Oi(µ)|B〉, (1)
whereHeff is the effective weak Hamiltonian, with Oi(µ) denoting the relevant local four-quark operators,
which govern the decays in question. The CKM factors VCKM and the Wilson coefficients Ci describe
the strength with which a given operator enters the Hamiltonian. Now the only challenge for theorists
is how to calculate the matrix elements 〈f |Oi(µ)|B〉 in QCD reliably. For decades we have applied the
“factorization” hypothesis to estimate the matrix element of the four-quark operators through the product
of the matrix elements of the corresponding quark currents. In the 1980s, the “color transparency”
viewpoints [6–8] were used to justify this concept, while it could be put on a rigorous theoretical basis in
the heavy-quark limit for a variety of B decays about ten years ago [9–11]. Alternatively, another useful
approach is provided by the decomposition of their amplitudes in terms of different decay topologies
and to apply the SU(3) flavor symmetry of strong interactions to derive relations between them [12].
Supplemented by isospin symmetry, the approximate SU(3) flavor symmetry and various “plausible”
dynamical assumptions, the diagrammatic approach has been used extensively for non-leptonic B decays
[13].
Among B decays, the charmed hadronic B mesons decays B → D(∗)M , whereM is a light meson, are
of great interest for several reasons. Firstly, due to the existence of charm quark, the charmed hadronic
decay processes have no contribution from penguin operators, so theoretical uncertainties involved in the
relevant QCD dynamics become much less. Secondly, for the b→ c transiting processes, since the CKM
factors are real, the phases associated with these decay amplitudes afford us the information of clean
strong interactions. Thirdly, for some typical decays such as B
0
s → D(∗)
±
s K∓ and B
0
d → D(∗)
±
pi∓, both
b → c and b → u transitions contribute to their amplitudes, the interferences between which will allow
us to extract the CKM phase γ effectively [14]. Lastly, these processes serve as a good testing ground
for various theoretical issues in hadronic B decays, such as factorization hypothesis, SU(3) symmetry
breaking, and isospin violation. Experimentally, plenty of two-body charmed hadronic B decays have
been observed from the heavy flavor experiments, such as Belle, BaBar, D0, CDF and LHCb [15].
Besides the available data, many new modes are being measured in LHCb. In the theoretical side,
much attention has already been paid to these charmed hadronic B decays. The color-favored decays
B → D(∗)pi were firstly explored in the framework of the factorization hypothesis [7, 8]. Including the
next-leading order corrections of vertexes, the factorization of this kind of processes has been proved
within the QCD factorization approach [9] and the soft-collinear effective theory [11], which implies the
final-state interactions of these decays are small. However, the color suppressed modes B0 → D¯0pi0 was
found with a very large branching ratio experimentally, which provide evidence for a failure of the naive
factorization and for sizeable relative strong-interaction phases between different isospin amplitudes [16].
This was confirmed in the perturbative QCD (PQCD) approach based on kT factorization [17–19], where
the endpoint singularity was killed by keeping the transverse momentum of partons. The rescattering
effects of B → D(∗)M had also been studied within some models [20]. Under the assumption of the flavor
SU(3) symmetry, the global fits were performed in the topological quark diagram approach [21], where
the magnitudes and the strong phases of the topologically distinct amplitudes were studied, but the
3information of SU(3) asymmetry was lost. Due to the large difference between pseudoscalar and vector
meson, their χ2 fit has to be performed for each category of decays to result in three sets of parameters.
Recently, in order to study the two-body hadronic decays of D mesons, the factorization-assisted
topological-amplitude (FAT) approach was proposed [22, 23], which combines the conventional factoriza-
tion approach and topological-amplitude parameterization. We will introduce the the framework in the
next section in detail. By involving the non-factorizable contributions and the SU(3) symmetry breaking
effect, most theoretical predictions of the D decays are in better agreement with experimental data, and
the long-standing puzzle from the D0 → pi+pi− and D0 → K+K− branching fractions can be well solved
[22]. In this work, we shall generalize the FAT approach to study the two-body charmed nonleptonic
B mesons decays. With the available experimental data for 31 decay channels, we shall fit the only 4
theoretical parameters, reducing from the 15 parameters introduced in [21]. The SU(3) asymmetries and
their implications will also be discussed. The predicted results for all the 120 decay channels can be
tested in the running LHCb experiment, future Belle-II experiment and even high energy colliders in the
future.
This manuscript is organized as follows. In Sec. II, we introduce the framework of FAT approach,
and fit the four universal parameters from the available data induced by b → c transition. In Sec. III,
we predict the branching fractions of decays induced by b → u transition with the assumption that the
numerical values of four universal parameters are the same as those of decays of b → c transition. The
discussions on the phenomenological implications will be given in Sec. IV. At last, we shall summarize
this work in Sec. V.
II. THE CKM FAVORED DECAYS INDUCED BY b→ c TRANSITION
A. Framework of FAT Approach
When discussing the charmed B decays, a new intermediate scale (mc) is introduced, which satisfies
the mass hierarchy mb > mc > ΛQCD. The perturbative theory may not be valid in the scale (mc),
implying the failure of QCD factorization. Thus the best way is to extract the information of them
from experimental data. In the conventional topological diagrammatic approach, the amplitude of each
diagram was proposed to be extracted directly [21] from experimental data. To achieve this goal, the
flavor SU(3) symmetry has to be employed, which works well in the two-body charmless B decays [13] due
to the negligible mass of the light meson. However, in dealing with the D meson decays [24], it is found
that only the experimental data of Cabibbo-favored decay modes can be used, which implies that the
SU(3) breaking effects are sizable in the D decays. As for the charmed B decays, the effects from SU(3)
asymmetry are also expected to be sizable that may not be negligible. Even if people ignore the SU(3)
breaking effect of pi −K difference, the χ2 fit can only be done separately in three categories of decays,
namely, B → DP , B → DV , and B → D∗P , with 5 free parameters in each group [21]. Obviously,
the predictive power is lost with 15 parameters to be fitted from experimental data. With some SU(3)
breaking effects input by hand, the number of free parameters becomes 21 in the χ2 fit of ref. [21], which
is surely not satisfactory.
4The factorization-assisted topological-amplitude (FAT) approach was first proposed for studying the
two-body hadronic D mesons decays [22, 23], which is a great success in the extraction of strong phases
for the CP asymmetry study. There are five steps in the FAT approach. Firstly, similar to the topological
diagrammatic approach [21], the two-body hadronic weak decay amplitudes are decomposed in terms of
some distinct quark diagrams, according to the weak interactions and flavor flows with all strong inter-
action effects encoded. In this way, the non-negligible non-factorizable contributions are involved, and
hence the results would be more accurate if their values can be extracted from experimental data. In the
case of charmed hadronic decays of B mesons, four kinds of relevant quark diagrams are involved, namely,
the color-favored tree diagram T , the color-suppressed tree diagram C, theW -exchange annihilation-type
diagram E, and the W -annihilation diagram A. Secondly, in order to keep the SU(3) breaking effects in
the decay amplitudes, we factorize the decay constants and form factors formally from each topological
amplitude. The topological amplitude is then only universal for all decay channels after factorization of
those hadronic parameters. Thirdly, the QCD factorization, the perturbative QCD based on kT factor-
ization, together with the soft-collinear effective theory have all proved factorization for the color favored
topology diagram [9, 11, 17]. The T amplitude is then safely expressed by the products of transition form
factor, decay constant of the emitted meson and the short-distance dynamics Wilson coefficients, where
the latter are related to the four-fermion operators. No free parameter will be introduced in the T dia-
gram calculations. Fourthly, for the remaining color suppressed diagram and W-exchange diagram (W),
their size and phase χC , φC , χE and φE after factorized the decay constants and form factor, are the only
four universal free parameters to be fitted from the abundant experimental data simultaneously. Lastly,
with the four fitted universal nonperturbative parameters, we then make predictions for all the hadronic
charmed B decays Bu,d,s → D(∗)P (V ) and Bu,d,s → D(∗)P (V ), where P and V denote pseudoscalar and
vector mesons, respectively.
According to the effective Hamiltonian [25], these decays can be classified into two groups: the CKM
favored processes induced by b→ c transition and the CKM suppressed ones induced by b→ u transition.
We firstly discuss the relevant effective weak Hamiltonian for the CKM favored transition b → cqu¯(q =
d, s), which is given by [25]
Heff = GF√
2
VcbV
∗
uq[C1(µ)O1(µ) + C2(µ)O2(µ)] + h.c., (2)
where GF is the Fermi coupling constant, Vcb and Vuq are the relevant Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements, and C1,2 are the Wilson coefficients. The tree-level current-current operators
are
O1 = q¯αγ
µ(1− γ5)uβ c¯βγµ(1− γ5)bα, O2 = q¯αγµ(1− γ5)uαc¯βγµ(1− γ5)bβ , (3)
where α and β are the color indices. The topological diagrams in the b → c transitions includes color-
favored tree emission diagram T , color-suppressed tree emission C, andW -exchange diagram E, as shown
in Fig.1. Note that theW -annihilation diagram does not occur in the b→ c transition processes, and the
E diagram occurs only in the B
0
d and B
0
s decays. It is apparent that the T diagram emits a light meson
and recoils a charmed meson, while for the C diagram the charmed meson is emitted and the light meson
is recoiled.
5FIG. 1: Topological diagrams in the b → c transitions: (a) the color-favored tree diagram, T ; (b) the color-
suppressed tree diagram, C; and (c) the W -exchange annihilation-type diagram, E. Note that the E diagram
occurs only in the B
0
d and B
0
s decays.
In terms of the factorization hypothesis, the three diagrams of the B → DP modes can be written as
TDPc = i
GF√
2
VcbV
∗
uqa1(µ)fP (m
2
B −m2D)FB→D0 (m2P ), (4)
CDPc = i
GF√
2
VcbV
∗
uqfD(m
2
B −m2P )FB→P0 (m2D)χCc eiφ
C
c , (5)
EDPc = i
GF√
2
VcbV
∗
uqm
2
BfB
fD(s)fP
fDfpi
χEc e
iφEc , (6)
where the subscript c stands for the processes induced by b→ c transition, and fP and fD for the decay
constants of the pseudoscalar meson and D meson, respectively. FB→D0 and F
B→P
0 are the scalar form
factors of the B → D and B → P transitions. Here we have followed the conventional Bauer-Stech-Wirbel
definition for form factors FBP0,1 and A
BV
0 [7]. The inner effective Wilson coefficient is
a1(µ) = C2(µ) +
C1(µ)
3
, (7)
For the T diagram, the non-factorizable contribution is so small that can be ignored safely. On the
contrary, for the C diagram, because the factorizable contribution is quite small, the non-factorizable
contribution becomes significant. As it belongs to the nonperturbative contribution, we set it as universal
and parameterize it as χCc e
iφCc , which will be extracted from the experimental data. In principle, the
factorizable scale µ should be channel dependent, however we find that both the fitted parameters and
the predictions are not sensitive to this scale. So, for simplicity, we set µ = mb/2 = 2.1GeV. The
Wilson coefficients C1 and C2 at this scale are −0.287 and 1.132, respectively. As for the W -exchange
E diagram, the hadronic parameter χEc and its relative strong phase φ
E
c are also non-perturbative to
be extracted from data. In practice, the dimensionless parameters χEc and φ
E
c are defined from the
B → Dpi process, to which those for other final states are related via the ratio of the decay constants
(fDfP )/(fD0fpi). Obviously, the SU(3) asymmetry also remains in the E diagram. In fact, although the
helicity suppression doesn’t work with a heavy charm quark in the final state, the factorizable contribution
in the E diagram is also negligible due to the smallness of the corresponding Wilson coefficient.
Similarly to the amplitudes of B → DP decays, the topological amplitudes of T , C and E of the
6B → D∗P and B → DV decays can be given respectively by
TD
∗P
c =
√
2GFVcbV
∗
uqa1(µ)fPmD∗A
B→D∗
0 (m
2
P )(ε
∗
D∗ · pB), (8)
CD
∗P
c =
√
2GFVcbV
∗
uqfD∗mD∗F
B→P
1 (m
2
D∗)(ε
∗
D∗ · pB)χCc eiφ
C
c , (9)
ED
∗P
c =
√
2GFVcbV
∗
uqmD∗fB
fD∗
(s)
fP
fDfpi
χEc e
iφEc (ε∗D∗ · pB); (10)
and
TDVc =
√
2GFVcbV
∗
uqa1(µ)fVmV F
B→D
1 (m
2
V )(ε
∗
V · pB), (11)
CDVc =
√
2GFVcbV
∗
uqfDmVA
B→V
0 (m
2
D)(ε
∗
V · pB)χCc eiφ
C
c , (12)
EDVc =
√
2GFVcbV
∗
uqmV fB
fD(s)fV
fDfpi
χEc e
iφEc (ε∗V · pB). (13)
In above functions, ε∗D∗ and ε
∗
V represent the polarization vectors of the D
∗ and V , and fD∗ and fV are
the decay constants of the corresponding vector mesons. FB→D1 and F
B→P
1 stand for the vector form
factors of B → D and B → P transitions, AB→D∗0 and AB→V0 are the transition form factors of B → D∗
and B → V . Note that, after factorizing the corresponding form factors and decay constants, we can use
the same non-perturbative universal parameters for all the B → DP , B → D∗P and B → DV decays.
The total number of free parameters to be fitted from experimental data remains four. This is contrast to
the conventional topological diagram approach [21], where 15 parameters needed for the three categories
of processes.
In a short summary, utilizing the factorization, the color favored tree diagram, which is the dominant
contribution in many decay channels, is determined by perturbative calculations. For the color suppressed
tree diagram and W-exchange diagram, we have only four universal non-perturbative parameters, namely
χCc , φ
C
c , χ
E
c , and φ
E
c to be fitted from all available B → DP , D∗P and DV modes. As stated, most
SU(3) breaking effects are involved in the decay constants and the transition form factors. Using the
parameters determined from data, we can also reproduce branching fractions of B → DP , D∗P and DV
modes.
B. Input Parameters
In this section, we list the used parameters, such as CKM matrix elements, decay constants and
transition form factors. Since all the decay modes discussed are induced by the tree level electroweak
diagrams, we need not the weak phases of the CKM matrix elements, but use their averaged values of
the magnitudes in PDG [26]:
|Vcb| = 0.041, |Vus| = 0.225, |Vud| = 0.974, (14)
|Vub| = 0.00413, |Vcs| = 0.986, |Vcd| = 0.225. (15)
The decay constants of pi, K, D and Ds are given by PDG [26]. The decay constants of other mesons
can not be obtained from experiments directly but calculated in several theoretical approaches, such as
7the quark model [27], the covariant light front approach [28], the light-cone sum rules [29, 30], the QCD
sum rules [31–37], and the lattice QCD [38–45] etc. Since the numerical values are different in different
theoretical approaches, we choose the values shown in Table. I and keep a 5% uncertainty of them.
TABLE I: The decay constants of mesons (in unit of MeV).
fB fBs fD fDs fD∗ fD∗s fpi fK fρ fK∗ fω
190 225 205 258 220 270 130 156 215 220 190
Due to the absence of enough experimental data, the transition form factors of B meson decays have
been calculated in the theoretical approaches, such as constitute quark model and light cone quark model
[27, 46–49], covariant light front approach(LFQM) [28, 50, 51], light-cone sum rules [30, 52–71], PQCD
[72–81], and lattice QCD [82–85] etc. Considering all above results, we list the the maximum-recoil form
factors in Table. II. When dealing with the nonleptonic B decays, we indeed need the form factors with
q2 dependence. In order to describe the q2-dependence of form factors, several types of parametrization
are proposed. In the current work, we use the dipole parametrization:
Fi(q
2) =
Fi(0)
1− α1 q2m2pole + α2
q4
m4pole
, (16)
where Fi denotes F0, F1, and A0, and mpole is the mass of the corresponding pole state, such as B for
A0, and B
∗ for F0,1. The values of α1 and α2 are also given in Table II. In fact, numerical results show
that the q2 dependence of form factors makes little change in our numerical calculations.
For the decay modes with η or η′ in the final state, it is convenient to consider the flavor mixing of ηq
and ηs, defined by
ηq =
1√
2
(uu¯+ dd¯), ηs = ss¯. (17)
Then, η and η′ are linear combinations of ηq and ηs,(
η
η′
)
=
(
cosφ − sinφ
sinφ cosφ
)(
ηq
ηs
)
, (18)
where the mixing angle is determined to be φ = (40.4 ± 0.6)◦ by KLOE [86]. The flavor specific decay
constants are fq = (1.07 ± 0.02)fpi and fs = (1.34 ± 0.06)fpi , corresponding to ηq and ηs respectively
[87, 88]. In this work, the small effect from the mixing between ω and φ is ignored.
Honestly, some form factors and decay constants occur only in special channels, so their numerical
values would affect the accuracy of our theoretical predictions. In this article, in order to estimate the
uncertainties maximally, we shall assign the uncertainties of form factors to be 10%, and the uncertainties
of decay constants to be 5%. If we can determine the form factors and the decay constants more precisely
by the experimental data in the future, the predicted results in the FAT approach would be improved.
8TABLE II: The transition form factors at maximum recoil and dipole model parameters used in this work.
FB→pi0 F
B→K
0 F
Bs→K
0 F
B→ηq
0 F
Bs→ηs
0 F
B→D
0 F
Bs→Ds
0 A
B→D∗
0 A
Bs→D∗s
0 F
B→D
1 F
Bs→Ds
1
F (0) 0.28 0.33 0.29 0.21 0.31 0.54 0.58 0.56 0.57 0.54 0.58
α1 0.50 0.53 0.54 0.52 0.53 1.71 1.69 2.44 2.49 2.44 2.44
α2 -0.13 -0.13 -0.15 0 0 0.52 0.78 1.98 1.74 1.49 1.70
FB→pi1 F
B→K
1 F
Bs→K
1 F
B→ηq
1 F
Bs→ηs
1 B(s) → V AB→ρ0 AB→ω0 ABs→φ0 AB→K
∗
0 A
Bs→K∗
0
F (0) 0.28 0.33 0.29 0.21 0.31 A(0) 0.30 0.26 0.30 0.33 0.27
α1 0.52 0.54 0.57 1.43 1.48 α1 1.56 1.60 1.73 1.51 1.74
α2 0.45 0.50 0.50 0.41 0.46 α2 0.17 0.22 0.41 0.14 0.47
C. χ2 Fit
As discussed above, there are only four parameters in the FAT approach, namely χC , φC , χE and φE ,
which are universal to all B → DP , D∗P and DV decays. In the fitting, we define the χ2 function in
term of n experimental observables xi ±∆xi and the corresponding theoretical predictions xthi ,
χ2 =
n∑
i=1
(
xthi − xi
∆xi
)2
. (19)
In this work, the data points are the branching fractions. We then write the corresponding theoretical
predictions in terms of topological amplitudes and extract the four parameters by minimizing χ2. Cur-
rently, there are 31 experimental measured charmed decay modes induced by b→ c transition [26]. With
these data, the best-fitted values of the parameters are obtained as
χCc = 0.48 ± 0.01, φCc = (56.6+3.2−3.8)◦, χEc = 0.024+0.002−0.001, φEc = (123.9+3.3−2.2)◦, (20)
with χ2/d.o.f. = 1.4.
In ref. [21], Chiang et.al fitted the amplitudes and strong phases of each diagrams using the latest
experimental data in the topological diagram approach. Because they do not include the SU(3) breaking
effects properly, they had to fit each amplitude of B → DP,DV and D∗P decays separately. Even though
with much more parameters than us, their χ2 per degree of freedom is larger than ours. Only under the
so-called scheme 3, where some of the SU(3) symmetry breaking effects have been involved, 21 parameters
to be fitted from data, their χ2/d.o.f. for the B → DP decays is a little smaller than ours. But the
χ2/d.o.f. for the B → DV and D∗P decays is still larger than ours. With so many parameters, they lost
the predictive power of the branching fractions, because there are not enough data of B → D(∗)M decays.
By contrast, we can predict 120 branching fractions, by fitting 4 parameters from 31 decay modes.
D. Branching Fractions
With the fitted parameters, the topological amplitudes and the predicted branching fractions of B →
DP , D∗P andDV decays induced by b→ c transition are shown in Tables III, IV and V, respectively. The
experimental data are also given for comparison. For all theoretical predictions, the first uncertainties
9arise from the aforementioned four parameters fitted in the FAT approach. The second uncertainties
come from the transition form factors, and the third ones are from decay constants. From the tables, it is
obvious that the major uncertainties are from form factors Moreover, we note that each table is divided
into two parts, Cabibbo-favored (Vud or Vcs) and Cabibbo-suppressed (Vus or Vcd), and most branching
fractions of the Cabibbo-favored processes are larger than those of Cabibbo-suppressed ones.
From the tables, we find that our results are consistent with the measured B− and B
0
decays induced
by b→ c transition. As for B0s, only a few typical decays, such as B0s → D(∗)+s pi−, have been measured in
LHCb, while most of them will be tested in LHCb in the following years. Comparing with ref.[21], most
of the results are in agreement with each other.
TABLE III: Branching fractions and decay amplitudes for the B → DP modes. Data are from [26]. The first
uncertainties are from the fiited parameters, the second uncertainties are from the form factors, and the third ones
are coming from decay constants.
Meson Mode Amplitudes Bexp(×10−4) Bth(×10−4)
Cabibbo-favored VcbV
∗
ud
B
0
D+pi− T + E 26.8± 1.3 24.7+0.2−0.1 ± 5.1± 0.1
D0pi0 1√
2
(E − C) 2.6± 0.1 2.5+0.1−0.2 ± 0.5± 0.1
D0η 1√
2
(C + E) cosφ 2.4± 0.3 1.9± 0.1± 0.4± 0.1
D0η′ 1√
2
(C + E) sinφ 1.38± 0.16 1.3± 0.1± 0.2± 0.1
D+s K
− E 0.345±0.032 0.30+0.04−0.02 ± 0.00± 0.03
B− D0pi− T + C 48.1± 1.5 49.0+1.4−1.7 ± 7.6± 0.6
B
0
s D
+
s pi
− T 30.4± 2.3 30.2± 0.0± 6.0± 0.1
D0K0 C 5.9± 0.3± 1.2± 0.3
Cabibbo-suppressed VcbV
∗
us
B
0
D+K− T 1.97± 0.21 2.1± 0.0± 0.4± 0.0
D0K
0
C 0.5± 0.1 0.4± 0.0± 0.1± 0.0
B− D0K− T + C 3.70± 0.17 3.8± 0.1± 0.6± 0.1
B
0
s D
+
s K
− T + E 2.1± 0.0± 0.4± 0.0
D0η 1√
2
E cosφ− C sinφ 0.14± 0.01± 0.03± 0.01
D0η′ 1√
2
E sinφ+ C cosφ 0.21± 0.01± 0.04± 0.01
D+pi− E 0.011± 0.001± 0.000± 0.001
D0pi0 1√
2
E 0.005+0.001−0.000 ± 0.000± 0.001
In Tables III, IV and V, for the decays dominated by the T diagram, because the decay constants
of light vector mesons are much larger than those of light pseudoscalar ones, the branching fractions of
the B → DV decays are larger than those of the B → DP and B → D∗P with light meson emitted.
For example, the branching fraction of B
0 → D+ρ− are larger than those of B0 → D(∗)+pi− by a factor
of 2.6 because of fρ > fpi. Similarly, we obtain B(B0 → D+K∗−) > B(B0 → D(∗)+K−), B(B0s →
D+s ρ
−) > B(B0s → D(∗)+s pi−) and B(B0s → D+s K∗−) > B(B0s → D(∗)+s K−). For the D∗P modes, there is
no contribution of transverse polarizations and the behavior of the longitudinal polarization is similar to
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TABLE IV: Branching fractions and decay amplitudes for the B → D∗P decays.
Meson Mode Amplitudes Bexp(×10−4) Bth(×10−4)
Cabibbo-favored VcbV
∗
ud
B
0
D∗+pi− T + E 27.6± 1.3 24.9+0.2−0.1 ± 5.2± 0.1
D∗0pi0 1√
2
(E − C) 2.2± 0.6 2.8± 0.2± 0.6± 0.3
D∗0η 1√
2
(C + E) cosφ 2.3± 0.6 2.1± 0.1± 0.4± 0.2
D∗0η′ 1√
2
(C + E) sinφ 1.40± 0.22 1.4± 0.1± 0.2± 0.1
D∗+s K
− E 0.219± 0.030 0.22+0.03−0.01 ± 0.00± 0.03
B− D∗0pi− T + C 51.8± 2.6 50.7+1.5−1.8 ± 7.8± 1.4
B
0
s D
∗+
s pi
− T 20± 5 27.1± 0.0± 5.4± 0.1
D∗0K0 C 6.6+0.3−0.4 ± 1.3± 0.7
Cabibbo-suppressed VcbV
∗
us
B
0
D∗+K− T 2.14± 0.16 2.0± 0.00± 0.4± 0.0
D∗0K
0
C 0.36± 0.12 0.45+0.02−0.03 ± 0.09± 0.05
B− D∗0K− T + C 4.20± 0.34 3.8± 0.1± 0.6± 0.1
B
0
s D
∗+
s K
− T + E 1.9± 0.0± 0.4± 0.0
D∗0η 1√
2
E cosφ− C sinφ 0.15± 0.01± 0.03± 0.02
D∗0η′ 1√
2
E sinφ+ C cosφ 0.23± 0.01± 0.04± 0.02
D∗+pi− E < 0.061 0.008± 0.001± 0.000± 0.001
D∗0pi0 1√
2
E 0.004+0.004−0.000 ± 0.000± 0.001
that of the pseudoscalar meson, so the branching fractions of B → D∗P are close to those of B → DP .
Compared with the QCD-inspired methods [9, 11, 18, 19], the amplitudes of color-suppressed C
diagrams are relatively large in the FAT approach where the non-factorizable contribution are dominant,
as well as in the topological approach [21]. From Table III, it is found that the branching fraction of
B
0 → D+pi− is larger than that of B0 → D+s K− by two orders of magnitude, which implies that the
contribution of E diagram is much smaller than that of T diagram. So, the E diagram can be neglected
as a good approximation in the processes with both T and E contributions. In the comparison between
the B
0 → D+K− with B0 → D0K0, and B0s → D+s pi− with B0s → D0K0, we find that
|CDPc |/|TDPc | ∼ 0.45. (21)
Then, the hierarchy
|TDPc | : |CDPc | : |EDPc | ∼ 1 : 0.45 : 0.1 (22)
are obtained in the FAT approach. Similarly, we also get
|TD∗Pc | : |CD
∗P
c | : |ED
∗P
c | ∼ 1 : 0.36 : 0.1 (23)
|TDVc | : |CDVc | : |EDVc | ∼ 1 : 0.31 : 0.1. (24)
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TABLE V: Branching fractions and decay amplitudes for the B → DV decays.
Meson Mode Amplitudes Bexp(×10−4) Bth(×10−4)
Cabibbo-favored VcbV
∗
ud
B
0
D+ρ− T + E 78± 13 65.3+0.5−0.3 ± 13.5± 6.6
D0ρ0 1√
2
(E − C) 3.2± 0.5 2.6± 0.2± 0.6± 0.1
D0ω 1√
2
(E + C) 2.54± 0.16 2.7± 0.2± 0.5± 0.1
D+s K
∗− E 0.35± 0.10 0.38+0.05−0.02 ± 0.00± 0.06
B− D0ρ− T + C 134± 18 105+2−3 ± 18± 9
B
0
s D
+
s ρ
− T 70± 15 78.6± 0.0± 15.7± 7.9
D0K∗0 C 3.5± 0.6 4.9+0.2−0.3 ± 1.0± 0.2
Cabibbo-suppressed VcbV
∗
us
B
0
D+K∗− T 4.5± 0.7 3.9± 0.0± 0.8± 0.4
D0K
∗0
C 0.42± 0.06 0.37± 0.02± 0.07± 0.02
B− D0K∗− T + C 5.3± 0.4 6.0+0.1−0.2 ± 1.0± 0.5
B
0
s D
+
s K
∗− T + E 4.0+0.04−0.03 ± 0.8± 0.4
D0φ C 0.24± 0.07 0.31+0.01−0.02 ± 0.06± 0.02
D+ρ− E 0.019+0.002−0.001 ± 0.000± 0.003
D0ρ0 1√
2
E 0.010± 0.001± 0.000± 0.001
D0ω 1√
2
E 0.008± 0.001± 0.000± 0.001
It is obvious that these relations differ from the relation |TDPc | ≫ |CDPc | ∼ |EDPc | arrived in the PQCD
approach [18], which have significant impacts on the processes without T diagrams. For example, the
topological amplitudes of B
0 → D0ρ0 and D0ω decays are (E − C)/√2 and (E + C)/√2, respectively.
The branching fraction of the D0ρ0 mode is predicted to be almost one half of that of the D0ω mode
in the PQCD approach [18], since C and E diagrams contribute destructively for the former mode but
constructively for the latter one, which does not agree with the experiment. However, this issue can be
easily explained in the FAT approach in which both channels are dominated by the C diagram. With
the same argument, the experimental data of the decay modes B
0
d → D0pi0 and D0K0 can be easily
understood.
III. THE CKM SUPPRESSED DECAYS INDUCED BY b→ u TRANSITION
In this section, we shall study the CKM suppressed processes induced by b→ uc¯d(s) transitions, i.e.
B → DP , D∗P , DV decay modes. The relevant effective Hamiltonian can be obtained by an exchange
of c↔ u in that of the b→ c transiting processes shown in eq.(2), as
Heff = GF√
2
VubV
∗
cq [C1(µ)O1(µ) + C2(µ)O2(µ)] + h.c., (25)
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where the two tree-level current-current operators are
O1 = q¯αγ
µ(1− γ5)cβ u¯βγµ(1− γ5)bα, O2 = q¯αγµ(1− γ5)cαu¯βγµ(1− γ5)bβ . (26)
According the effective Hamiltonian, we can draw the topological diagrams of the b → u transitions as
shown in Fig.2.
FIG. 2: Topological diagrams in the b → u transitions: (a) the color-favored tree diagram, T ; (b) the color-
suppressed tree diagram, C; (c) theW -exchange annihilation-type diagram, E; and (d) theW -annihilation diagram,
A. Note that the E diagram occurs only in the B
0
d and B
0
s decays, while the A diagram occurs only in B
− decays.
The topologies of the processesB → D(∗)M induced by b→ u transition are different fromB → D(∗)M
induced by b→ c. The charmed meson is recoiled in B → D(∗)M , while it will be emitted in B → D(∗)M
process. It is thus expected that the branching fractions of B → D(∗)M is smaller than those of B →
D(∗)M due to the suppression of CKM elements. The formulae of B → D(∗)M factorizable contributions
should be similar to those of B → D(∗)M , but four new non-factorizable contributions, i.e. χC,Eu and
φC,Eu should be introduced. In principle, these parameters should be extracted from experimental data as
done in the b→ c processes, but there are no C- or E-diagram dominated mode measured in experiments
so far. In this case, we shall employ an approximation that the four non-factorizable parameters in the
b → u processes are the same as those in the b → c processes. Therefore, the formulae of T , C and E
diagrams are the same in these two kinds of processes, i.e. χCu = χ
C
c , φ
C
u = φ
C
c , χ
E
u = χ
E
c and φ
E
u = φ
E
c .
In the following, we will neglect the subscripts of χC,Eu,c and φ
C,E
u,c for simplicity without confusions.
Apart from above contributions, the W -annihilation diagram A appears in the b → u transitions.
Again, no experimental data available to fit the contribution of this diagram. Unlike the E diagram
dominated by non-factorizable contributions, the factorizable contributions in the A diagram is too large
to be neglected. On the contrary, the non-factorizable contributions are suppressed due to the small
Wilson coefficient C1/3. To calculate the factorizable contribution in the A diagram quantitatively, we
will adopt the pole model [22, 23, 89, 90], which has been proved to be one effective approach in dealing
with the W -annihilation diagrams. So, the amplitudes are expressed as
ADPu = −i
GF√
2
VubV
∗
cq
(
C2(µ) +
C1(µ)
Nc
)
fB
fD∗0gD∗0DPm
3
D∗0
m2B −m2D∗0
, (27)
AD
∗P
u =
√
2GFVubV
∗
cq
(
C2(µ) +
C1(µ)
Nc
)
fB
fDgD∗DPm
2
D
m2B −m2D
(ε∗D∗ · pB), (28)
ADVu =
√
2GFVubV
∗
cq
(
C2(µ) +
C1(µ)
Nc
)
fB
fDgDDVm
2
D
m2B −m2D
(ε∗V · pB), (29)
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where the intermediate state is a scalar charmed meson D0 in the DP mode, and a pseudoscalar D meson
in the D
∗
P and DV modes. The effective strong coupling constant gD∗0DP = 4.2 is extracted from the
experimental data of D∗0(2400) → Dpi decay, gD∗DP = 4.8 is from D∗ → Dpi decay [26], and gDDV = 2.52
is obtained from the vector meson dominance model [91]. In practice, we will follow the arguments of
[89] to set all intermediate states on shell, i.e. p2pole = m
2
pole for simplicity.
With the fitted parameters from processions induced by b→ c transition, the topological amplitudes
and the predicted branching fractions of processes induced by b→ u transition are tabled in Tables VI,
VII and VIII. In these tree tables, the resources of the first three uncertainties are same as processes
induced the b → c transition. Besides, we also include the uncertainties arising from the CKM matrix
element |Vub|, which has not been well measured till now. From the tables, it is obvious that both form
factors and |Vub| take large uncertainties. If the CKM matrix element |Vub| can be determined well, it is
expected that the uncertainties from it will be reduced significantly. It should be noted that the decays
by b → u transitions should have additional uncertainties than decay by b → c transition, since our
approximation of same parameters for these two kinds of decays are not well justified. Similarly, we also
obtain the hierarchy |Tu| : |Cu| : |Eu| : |Au| ∼ 1 : 0.4 : 0.1 : 0.03. Compared with some existed data, our
predictions are in agreement with them with large uncertainties in both sides. And these results will be
tested in the LHCb and Belle-II experiments. Note that the branching fractions of the processes induced
only byW -annihilation diagram are so small that can be regarded as the good place to probe new physics
beyond the SM, though these predictions in the current work are somewhat model dependent.
IV. PHENOMENOLOGICAL IMPLICATIONS
In this section, we are going to discuss the isospin asymmetry, SU(3) and CP asymmetry in turn.
A. Isospin Analysis
The B → Dpi system can be decomposed in terms of two isospin amplitudes, A1/2 and A3/2, which
correspond to the transition into Dpi final states with isospin I = 1/2 and I = 3/2, respectively. In the
experimental side, the ratio
A1/2√
2A3/2
= 1 +O(ΛQCD/mb) (30)
is a measure of the departure from the heavy-quark limit [59]. The corresponding isospin relations read
as
A(B
0
d → D+pi−) =
√
1
3
A3/2 +
√
2
3
A1/2 = T + E, (31a)
√
2A(B
0
d → D0pi0) =
√
4
3
A3/2 −
√
2
3
A1/2 = C − E, (31b)
A(B−u → D0pi−) =
√
3A3/2 = T + C. (31c)
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TABLE VI: Branching fractions and decay amplitudes for the B → DP modes. Data are from [26]. The first
uncertainties are from the fitted parameters, the second uncertainties are from the form factors, the third ones are
coming from decay constants and the last ones are from |Vub|.
Meson Mode Amplitudes Bexp(×10−6) Bth(×10−6)
Cabibbo-favored VubV
∗
cs
B
0
D−s pi
+ T 21.6± 2.6 29.1± 0.0± 6.3± 1.0± 7.0
D
0
K
0
C 5.7± 0.3± 1.2± 0.3± 1.4
B− D−s pi
0 1√
2
T 16± 5 15.6± 0.0± 3.4± 0.6± 3.8
D−s η
1√
2
T cosφ < 400 9.8± 0.0± 2.0± 0.3± 2.4
D−s η
′ 1√
2
T sinφ 5.9± 0.0± 1.3± 0.2± 1.4
D
0
K− C +A 5.8± 0.3± 1.3± 0.3± 1.4
D−K
0
A < 2.9 0.012± 0.000± 0.000± 0.000± 0.003
B
0
s D
−
s K
+ T + E 27.5+0.3−0.2 ± 6.6± 1.0± 6.6
D
0
η 1√
2
E cosφ− C sinφ 2.0± 0.1± 0.4± 0.1± 0.5
D
0
η′ 1√
2
E sinφ+ C cosφ 2.9± 0.1± 0.6± 0.1± 0.7
D−pi+ E 0.14± 0.02± 0.00± 0.02± 0.03
D
0
pi0 1√
2
E 0.07± 0.01± 0.00± 0.01± 0.02
Cabibbo-suppressed VubV
∗
cd
B
0
D−pi+ T + E 0.78± 0.14 0.90± 0.01± 0.20± 0.04± 0.22
D
0
pi0 1√
2
(E − C) 0.11± 0.01± 0.02± 0.01± 0.03
D
0
η 1√
2
(E + C) cosφ 0.07± 0.01± 0.01± 0.00± 0.02
D
0
η′ 1√
2
(E + C) sinφ 0.05± 0.00± 0.01± 0.00± 0.01
D−s K
+ E 0.011± 0.001± 0.000± 0.001± 0.003
B− D
0
pi− C +A 0.23± 0.01± 0.05± 0.01± 0.05
D−pi0 1√
2
(T −A) 0.55± 0.00± 0.12± 0.03± 0.13
D−η 1√
2
(T +A) cosφ 0.30± 0.00± 0.06± 0.02± 0.07
D−η′ 1√
2
(T +A) sinφ 0.20± 0.00± 0.04± 0.01± 0.05
D−s K
0 A < 800 0.0006± 0.0000± 0.0000± 0.0001± 0.0002
B
0
s D
−K+ T 1.05± 0.00± 0.24± 0.05± 0.25
D
0
K0 C 0.24± 0.01± 0.05± 0.01± 0.06
So the isospin amplitudes can be expressed by the topological amplitudes as
A1/2 =
2T −C + 3E√
6
, A3/2 =
T +C√
3
, (32)
which leads to the following expression,
A1/2√
2A3/2
= 1− 3
2
(
C − E
T + C
)
. (33)
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TABLE VII: Branching fractions and decay amplitudes for the B → D∗P decays.
Meson Mode Amplitudes Bexp(×10−6) Bth(×10−6)
Cabibbo-favored VubV
∗
cs
B
0
D∗−s pi
+ T 21± 4 31.0± 0.0± 6.6± 3.1± 7.4
D
∗0
K
0
C 6.4± 0.3± 1.4± 0.6± 1.5
B− D∗−s pi
0 1√
2
T < 260 16.6± 0.0± 3.6± 1.7± 4.0
D∗−s η
1√
2
T cosφ < 600 6.0± 0.0± 1.6± 0.8± 1.4
D∗−s η
′ 1√
2
T sinφ 10.7± 0.0± 1.7± 0.9± 2.6
D
∗0
K− C +A 11.8+0.5−0.6 ± 1.9± 0.9± 2.8
D∗−K
0
A < 9.0 1.3± 0.0± 0.0± 0.1± 0.3
B
0
s D
∗−
s K
+ T + E 29.7+0.3−0.2 ± 7.1± 3.0± 7.1
D
∗0
η 1√
2
E cosφ− C sinφ 2.3± 0.1± 0.5± 0.2± 0.6
D
∗0
η′ 1√
2
E sinφ+ C cosφ 3.1± 0.1± 0.6± 0.3± 0.8
D∗−pi+ E 0.11± 0.01± 0.00± 0.02± 0.03
D
∗0
pi0 1√
2
E 0.06± 0.01± 0.00± 0.01± 0.01
Cabibbo-suppressed VubV
∗
cd
B
0
D∗−pi+ T + E 1.0± 0.0± 0.2± 0.1± 0.2
D
∗0
pi0 1√
2
(E − C) 0.12± 0.01± 0.03± 0.01± 0.03
D
∗0
η 1√
2
(E + C) cosφ 0.08± 0.0± 0.02± 0.02± 0.02
D
∗0
η′ 1√
2
(E + C) sin φ 0.05± 0.0± 0.01± 0.00± 0.01
D∗−s K
+ E 0.008± 0.001± 0.000± 0.001± 0.002
B− D
∗0
pi− C +A 0.43± 0.02± 0.07± 0.03± 0.10
D∗−pi0 1√
2
(T −A) < 3.6 0.40± 0.00± 0.11± 0.05± 0.10
D∗−η 1√
2
(T +A) cosφ 0.48± 0.00± 0.09± 0.04± 0.12
D∗−η′ 1√
2
(T +A) sin φ 0.31± 0.00± 0.06± 0.03± 0.07
D∗−s K
0 A < 900 0.03± 0.00± 0.00± 0.00± 0.01
B
0
s D
∗−K+ T 1.17± 0.00± 0.27± 0.12± 0.28
D
∗0
K0 C 0.27± 0.01± 0.06± 0.03± 0.06
The relative strong phase between the I = 3/2 and I = 1/2 amplitudes can be calculated with
cos δ =
3|A(D+pi−)|2 + |A(D0pi−)|2 − 6|A(D0pi0)|2
6
√
2|A1/2||A3/2|
. (34)
In this work, we find the following numerical results∣∣∣∣∣ A1/2√2A3/2
∣∣∣∣∣
Dpi
= 0.65 ± 0.03, (35)
which are complemented by
cos δ = 0.90 ± 0.04. (36)
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TABLE VIII: Branching fractions and decay amplitudes for the B → DV decays.
Meson Mode Amplitudes Bexp(×10−6) Bth(×10−6)
Cabibbo-favored VubV
∗
cs
B
0
D−s ρ
+ T < 24 31.2± 0.0± 7.5± 1.1± 7.5
D
0
K
∗0
C < 11 5.2± 0.3± 1.2± 0.2± 1.2
B− D−s ρ
0 1√
2
T < 300 16.8± 0.0± 4.0± 0.6± 4.0
D−s ω
1√
2
T < 400 12.7± 0.0± 3.1± 0.5± 3.1
D
0
K∗− C +A 11.2+0.5−0.6 ± 1.7± 0.5± 2.7
D−K
∗0
A < 1.8 1.8± 0.0± 0.0± 0.2± 0.4
D−s φ A 1.7
+1.2
−0.7 1.2± 0.0± 0.0± 0.1± 0.3
B
0
s D
−
s K
∗+ T + E 22.4+0.3−0.2 ± 4.3± 0.8± 5.4
D
0
φ C 4.4± 0.2± 1.1± 0.2± 1.1
D−ρ+ E 0.25+0.03−0.01 ± 0.00± 0.04± 0.06
D
0
ρ0 1√
2
E 0.13+0.02−0.01 ± 0.00± 0.02± 0.03
D
0
ω 1√
2
E 0.11± 0.01± 0.00± 0.02± 0.03
Cabibbo-suppressed VubV
∗
cd
B
0
D−ρ+ T + E 0.94± 0.01± 0.24± 0.05± 0.22
D
0
ρ0 1√
2
(E − C) 0.12± 0.01± 0.03± 0.01± 0.03
D
0
ω 1√
2
(E + C) 0.10± 0.01± 0.02± 0.01± 0.02
D−s K
∗+ E 0.014+0.002−0.001 ± 0.000± 0.002± 0.003
B− D−ρ0 1√
2
(T −A) 0.33± 0.00± 0.10± 0.02± 0.08
D−ω 1√
2
(T +A) 0.69± 0.00± 0.13± 0.04± 0.17
D
0
ρ− C +A 0.48± 0.02± 0.08± 0.02± 0.11
D−s K
∗0 A < 4.4 0.04± 0.00± 0.00± 0.01± 0.01
B
0
s D
−K∗+ T 0.88± 0.00± 0.16± 0.04± 0.21
D
0
K∗0 C 0.20± 0.01± 0.04± 0.01± 0.05
The corresponding central values for the strong phases then become δ = 25◦. Comparing with eq.(30), we
observe that the isospin-amplitude ratio shows significant deviation from the heavy-quark limit. Because
the contribution from annihilations has been neglected, we can trace this feature back to the large color-
suppressed C topologies.
B. SU(3) Symmetry Breaking
Now we turn to discuss the SU(3) symmetry breaking effect in the charmed B decays. If flavor SU(3)
were exact, one would get
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• For B → DK, B → Dpi, Bs → DsK and Bs → Dspi∣∣∣∣∣T
B→DK
VcbV ∗us
∣∣∣∣∣ =
∣∣∣∣∣T
B→Dpi
VcbV
∗
ud
∣∣∣∣∣ =
∣∣∣∣∣T
Bs→DsK
VcbV ∗us
∣∣∣∣∣ =
∣∣∣∣∣T
Bs→Dspi
VcbV
∗
ud
∣∣∣∣∣ , (37a)∣∣∣∣∣C
B→DK
VcbV ∗us
∣∣∣∣∣ =
∣∣∣∣∣C
B→Dpi
VcbV
∗
ud
∣∣∣∣∣ =
∣∣∣∣∣C
Bs→DK
VcbV ∗us
∣∣∣∣∣ ; (37b)
• For B → DK∗, B → Dρ, Bs → DsK∗ and Bs → Dsρ∣∣∣∣∣T
B→DK∗
VcbV ∗us
∣∣∣∣∣ =
∣∣∣∣∣T
B→Dρ
VcbV
∗
ud
∣∣∣∣∣ =
∣∣∣∣∣T
Bs→DsK∗
VcbV ∗us
∣∣∣∣∣ =
∣∣∣∣∣T
Bs→Dsρ
VcbV
∗
ud
∣∣∣∣∣ , (38a)∣∣∣∣∣C
B→DK∗
VcbV ∗us
∣∣∣∣∣ =
∣∣∣∣∣C
B→Dρ
VcbV
∗
ud
∣∣∣∣∣ =
∣∣∣∣∣C
Bs→DK∗
VcbV ∗us
∣∣∣∣∣ ; (38b)
• For the annihilation type decay modes B → DsK(∗) and Bs → Dpi(ρ)∣∣∣∣∣E
B→DsK
VcbV
∗
ud
∣∣∣∣∣ =
∣∣∣∣∣E
B
0
s→Dpi
VcbV ∗us
∣∣∣∣∣ , (39a)∣∣∣∣∣E
B→DsK∗
VcbV
∗
ud
∣∣∣∣∣ =
∣∣∣∣∣E
B
0
s→Dρ
VcbV ∗us
∣∣∣∣∣ . (39b)
To estimate the SU(3) breaking effect, we use the χ2 fit results and obtain∣∣∣∣∣T
B→DK
VcbV ∗us
∣∣∣∣∣ :
∣∣∣∣∣T
B→Dpi
VcbV
∗
ud
∣∣∣∣∣ :
∣∣∣∣∣T
Bs→DsK
VcbV ∗us
∣∣∣∣∣ :
∣∣∣∣∣T
Bs→Dspi
VcbV
∗
ud
∣∣∣∣∣ = 1 : 0.83 : 1.10 : 0.90; (40a)∣∣∣∣∣C
B→DK
VcbV ∗us
∣∣∣∣∣ :
∣∣∣∣∣C
B→Dpi
VcbV
∗
ud
∣∣∣∣∣ :
∣∣∣∣∣C
Bs→DK
VcbV
∗
ud
∣∣∣∣∣ = 1 : 0.85 : 0.91; (40b)∣∣∣∣∣T
B→DK∗
VcbV ∗us
∣∣∣∣∣ :
∣∣∣∣∣T
B→Dρ
VcbV
∗
ud
∣∣∣∣∣ :
∣∣∣∣∣T
Bs→DsK∗
VcbV ∗us
∣∣∣∣∣ :
∣∣∣∣∣T
Bs→Dsρ
VcbV
∗
ud
∣∣∣∣∣ = 1 : 0.83 : 1.07 : 0.89; (40c)∣∣∣∣∣C
B→DK∗
VcbV ∗us
∣∣∣∣∣ :
∣∣∣∣∣C
B→Dρ
VcbV
∗
ud
∣∣∣∣∣ :
∣∣∣∣∣C
Bs→DK∗
VcbV
∗
ud
∣∣∣∣∣ = 1 : 0.79 : 0.84; (40d)∣∣∣∣∣E
B→DsK
VcbV
∗
ud
∣∣∣∣∣ :
∣∣∣∣∣E
Bs→Dpi
VcbV ∗us
∣∣∣∣∣ = 1 : 0.81; (40e)∣∣∣∣∣E
B→DsK∗
VcbV
∗
ud
∣∣∣∣∣ :
∣∣∣∣∣E
B
0
s→Dρ
VcbV ∗us
∣∣∣∣∣ = 1 : 0.80. (40f)
The above results show that the SU(3) symmetry breaking in B → DM is about 10 ∼ 20% at the
amplitude level.
Now, let us look at the SU(3) symmetry breaking in the B−u → D0K− and B−u → D0pi−, which are
related by the so-called U-spin symmetry. For the amplitudes, both T and C topologies contribute to
them, and T is proportional to the decay constant of light meson, while C is proportional to the form
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factor of B to light meson. Due to a good approximation FB→K0 /F
B→pi
0 ≈ fK/fpi, we then obtain the
ratio of the above two processes
R1 = B(B
−
u → D0K−)/|VusfK |2
B(B−u → D0pi−)/|Vudfpi|2
= 1.00, (41)
which agrees well with the experimental data
Rexp1 = 1.005 ± 0.056. (42)
Thus, we conclude that for decay modes dominated by T terms, the source of SU(3) symmetry breaking
is mainly from the decay constants of light mesons.
In addition, the combination of decay modes B
0
s → D∗∓s K± and B0s → D∗∓s pi±[98] is used to test
SU(3) symmetry, and the ratios between Bs → D(∗)∓s K± and Bs → D∓s pi± is given by
R2 ≡ B(B
0
s → D∓s K±)
B(B0s → D∓s pi±)
, R∗2 ≡
B(B0s → D∗∓s K±)
B(B0s → D∗∓s pi±)
(43)
Under SU(3) limit, the two ratios are given by [92]
R2|SU(3) = 0.0864+0.0087−0.0072 , R∗2|SU(3) = 0.099+0.030−0.036. (44)
The results we obtained are:
R2|FAT = 0.079+0.013−0.005, R∗2|FAT = 0.081+0.005−0.003. (45)
Very recently, LHCb published the latest results on these two ratios[93, 94]:
R2|Exp = 0.0762 ± 0.0015 ± 0.0020, R∗2|Exp = 0.068 ± 0.005+0.003−0.002. (46)
Comparing results of Eq.(44), Eq.(45), and (46), it is obvious that our result for R2 falls into the range
between SU(3) limit and experimental data, while for R∗2 both theoretical predictions are larger than the
data, which implies that the SU(3) symmetry breaking effect might be more sizable than we expected in
these two decays.
C. CP Asymmetry
Among Bs decays, special attention is paid to the decay modes Bs → D±s K∓. As shown in Figure 3,
B0s (B
0
s)→ D±s K∓ decays receive contributions only from T topological amplitudes; in other words, there
are no penguin contributions. Note that both B0s and B
0
s mesons can decay into the D
+
s K
− final state
via CKM matrix elements VubVcs and VcbVus, respectively. They are both of the same order, λ
3, in the
Wolfenstein expansion, allowing for large interference effects. Consequently, interference effects between
B0s −B0s mixing and decay processes lead to a time-dependent CP asymmetry, which provides sufficient
information to determine the weak phase γ in a theoretically clean way. In the following discussion, we
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set f = D−s K
+ for simplicity. The time-dependent decay rates of the initially produced flavor eigenstates
|B0s (t = 0)〉 and |B0s(t = 0)〉 are given by [95]
dΓ(B0s (t)→f)
dt =
1
2 |Af |2e−Γt(1 + |λf |2)
{
cosh(∆Γt2 )−Df sinh(∆Γt2 ) +Cf cos(∆mst)− Sf sin(∆mst)
}
,(47a)
dΓ(B
0
s(t)→f)
dt =
1
2 |Af |2(pq )2e−Γt(1 + |λf |2)
{
cosh(∆Γt2 )−Df sinh(∆Γt2 )− Cf cos(∆mst) + Sf sin(∆mst)
}
,(47b)
where Af is the amplitude of B
0
s → f , and the definition of λf is
λf =
q
p
A¯f
Af
=
q
p
A(B
0
s → f)
A(B0s → f)
. (48)
The complex coefficients p and q relate the B0s meson mass eigenstates |BH,L〉 to the flavor eigenstates
B0s and B
0
s,
|BL〉 = p|B0s 〉+ q|B0s〉, |BH〉 = p|B0s 〉 − q|B0s〉, (49)
and |p|2 + |q|2 = 1 is satisfied. In the Standard Model, q/p is given by
q
p
≈ VtsV
∗
tb
V ∗tsVtb
≈ e−2iβs . (50)
Moreover, ∆ms and ∆Γ denote the mass difference and the total decay width difference of BH and BL,
respectively. Similar equations can be written for the CP-conjugate decays replacing Af by A¯f¯ = 〈f¯ |B
0
s〉,
λf by λ¯f¯ = (p/q)(Af¯/A¯f¯ ), |p/q|2 by |q/p|2, Cf by Cf¯ , Sf by Sf¯ , and Df by Df¯ . The CP violation
parameters are expressed as [26]
Cf = Cf¯ =
1− |λf |2
1 + |λf |2
, (51)
Sf =
2Im(λf )
1 + |λf |2 , Sf¯ =
2Im(λ¯f¯ )
1 + |λ¯f¯ |2
, (52)
Df =
2Re(λf )
1 + |λf |2 , Df¯ =
2Re(λ¯f¯ )
1 + |λ¯f¯ |2
. (53)
Note that the equality Cf = Cf¯ results from |q/p| = 1 and λf = λ¯f¯ . If the above five experimental
observables can be measured well and βs can be measured elsewhere, the CKM angle γ can be extracted.
The Bs mixing phase βs is predicted to be small in the Standard Model [96], thus we set βs = −2.5◦ in
this work. With the χ2 fitted result, we then have
Cf = Cf¯ = 0.71 ± 0.07, Sf = −Sf¯ = −0.63 ± 0.06, Df = Df¯ = 0.32 ± 0.03, (54)
where the only uncertainties come from the form factors. In 2011, using a dataset corresponding to
1.0fb−1 recorded in pp collisions at
√
s = 7TeV, LHCb found the CP -violation observables to be [95]
Cf = 1.01 ± 0.50 ± 0.23,
Sf = −1.25 ± 0.56± 0.24, Sf¯ = 0.08 ± 0.68± 0.28,
Df = −1.33± 0.60 ± 0.26, Df¯ = −0.81± 0.56 ± 0.26, (55)
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where the first uncertainties are statistical and the second uncertainties are systematic. Comparing our
predictions (Eq.(54)) with the experimental results (Eq.(55)), we find that our results agree with data
within uncertainties. It is should be noted that in our calculation, the |Vub| we used is the averaged value
of inclusive and exclusive results. However, there is a clear tension between the |Vub| values extracted
from the analysis of inclusive and exclusive decays at present, which may lead to large uncertainties in
the theoretical calculations.
FIG. 3: Feynman diagrams of Bs → D±s K∓
In addition, the direct CP asymmetries of B0s → D(∗)±s K∓ decays are given by [97]:
A(∗)CP ≡
B(B0s → D(∗)+s K−) + B(B0s → D(∗)+s K−)− B(B0s → D(∗)−s K+)− B(B0s → D(∗)−s K+)
B(B0s → D(∗)+s K−) + B(B0s → D(∗)+s K−) + B(B0s → D(∗)−s K+) + B(B0s → D(∗)−s K+)
. (56)
In this work, because we set χCc = χ
C
u and φ
C
c = φ
C
u and ignore the life difference between B
0
s and B
0
s,
we then get:
A(∗)CP |FAT = 0, (57)
which agree with the predictions considering the life diffrence [92]
ACP |SU(3) = −0.027+0.052−0.019, A∗CP |SU(3) = −0.035+0.056−0.024. (58)
So, if in future the direct CP asymmetries can be measured at the level of more than ten percent, it
would be useful to place tighter bounds on the relation between χCc e
iφCc and χCu e
iφCu .
V. SUMMARY
In the work, we preformed analysis of two-body charmed B decays globally using the factorization-
assisted topological-amplitude approach. Since the color favored tree emission diagram has been proved
factorization in all orders of αs expansion, we use the factorization results of short-distance Wilson
coefficients times the decay constant and form factor. For the color-suppressed tree emission and W
exchange diagrams, four universal nonperturbative parameters were introduced, namely χC , φC , χE and
φE , the numerical values of which were fitted from the 31 well measured branching fractions. With the
fitted results, we then predicted the branching fractions of all 120 Bu,d,s → D(∗)P (V ) decay modes. For
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the modes induced by b→ c transition, most results agree with the experimental data well. The number
of free parameters and the χ2 per degree of freedom are both reduced comparing with previous topological
diagram analysis. Due to the suppression by CKM element |Vub|, the branching fractions of the processes
dominated by b→ u transition are in particular small. Most decays will be measured in the ongoing LHCb
experiment and the forthcoming Bell-II experiment. We also found that the SU(3) symmetry breaking is
more than 10%, and even reach 31% at the amplitude level. For the decays B
0
s(B
0
s ) → D±s K∓, the CP
asymmetries predicted agree with data within uncertainty.
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